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L INTRODUCTION AND SUMMARY

Fras iepodl desciibes the woirk on NINDS Contract Yoo NOENS-4-23 10 duning the
pertod May D buse o Adgist 28 199 s part of the Neural Prosthesis Program. the broad
objectives of the proscit tundamental studies dare 1) 1o evaluate the electrochemical processes
that occui 2 the elechiode-electrolvte mtertace durng pulsing regiments characteristic ot neural
prosthictc apphications 2 Lo establish charge imecuon s ot sumulauon electrode materals
SO s ord ey ensible electrocheniical teacttons sy to develop an o virro method . which can be
applicd i/ vive tor deternoning the electrochenucdl real area and stabilite of nucroelectrodes. 4)
foodeselep new  mdlertals which can operate at high o stumulaton charge  densities  tor
anciostmulation  and S) o provide electiochemical and analvucal support tor other research
activties mthe Nearal Prosthesis Program at NINDS

fne clectoenemical studies of Bomicroelectrodes which were miated v the second
Jqudlter were coichaded  Changes o clectiochiemical propertes ot a pair ot Iy microelectrodes
troin Laboraton tor Neural Controb NINDS were tollowed tor a total of 208 davs soaking m
PEN soiution Caehie soltammetric studies utthzimg Ru hexaamnune 1o deternune electrode
dimensicns based on o diffusion controlled process imdicated that mass transport o these
clectiodes hecame altered atter about 49 davs of soaking tor one electrode and 89 davs tor the
siner f e sean rate data suggested  that there was a contribution 1o the taradaie current from a
Cavrn roduced v oseparation ot the msulating tilm trom the metal conductor Apparent
capaciiarice ineasurements dabso mdicated an merease i electrochemically acuve surface area of
poth ciectiodes duiing the long term soak  The impedance at | kHz tended to decrease over the
entiie sodkine pefiod but it tluctuated considerably so that 1t would be ditticult to use that value
alone o assess the electiode stdatus  However. the impedance spectra demonstrated a change in
poth phase angle and magnitude atter about 8o davs of soaking  The general agreement between
Mass transport studices  dapparent capacitance meastrements and the change in impedance spectra
provide evidence toia stgiuticant change i electrochemically active area. with the cyclic
Colammetic ddta prosiding clediest evidence of the degradation ot the seal at the insulator/metal
mlertace alter severdal svecks of sodking  These esperiments have provided intormation in two

arcas  Faist oae have demonstrated that the electrochemical stability o this pair of Parvlene



msuldted microetectrodes s significanthy gieater than ain previousiy tested electrodes ot this tvpe
SCCONd 1 dppedrs Hial cvolic soltamimetiic measuiennients ot apparent capacitance can be used to
evaluate e clectivcherical stabiliny ot metal nucroelectrodes  Further development of this

DYOtoCe! il Do aidei Lk cin Tot addPlaion Lo e v iver dise



20 Ir MICROEYECTRODE STUDIES

Frectiochemical studies ot a dual hat-pim o ovpe ot e microelectrode assembly were
compieted this quaitcr his electiode assembiv was submitted by the Laboratory of Neural
Contras NNDS as a4 ost clectiode tor use i developing procedures tor momtoring r
microciectode mtegiitny dind electrochemicdl surtace area  Test procedures and results of the first
Soddvs o electrochemical tosting were described i the Quarterly Progress Report Yoo 20 Since
ar report the clectiode assemblv has been soakime i PBS soluton and  imtermittent
clectrnchnemicdi testing usimg vl voltammeny and impedance spectroscopy was pertormed as
dJesaibed o a U NLich probe i Quarterly Progress Report Noos

Cyclic Voltammetry Studies

A abbres tdted ovehic voltamnietiny test protocol was emploved to monitor electrode status
SUine e soakine period toin Sodavs to o dass This protocol consisted of scan rate studies
ASIE QR T aCdl Tdles fo0Y Be 200 Su oo and 2uu N s e was not pracucal wo use the tull
Sange of sweer fates 1o 0 00 1o 200N S ds was done in earlier tests because of the continuing,
weterioration i the v olldmmele respoilse al slow scan tates due o electrolvie penetration
nenedth the msutator N oltammetny was carried out in PBS and i solutions of Ru hexaammine in
PRN The testing in PBS mcluded  voltammietry in the oid PBS solution i which the electrodes
had Deen scdhiig sce the prior solution change: and a second set of voltammograms in the new
PBN nmediaten atten o solution change 1 Ru hexaammine studies were pertormed. then the
PBN was deaerated  Thus we have obtained a history ot the voltammetric responses of the
microeiectdes i R hesdanimime solution. i both old and new PBS. and in aerated and
dederdated PBYN 1o 4 soaking penod up to 140 davs

Following the third scan idte study reported 1in Quarterly Progress Report No o 20 the
crectrades eniained soakiig i PBS with periodic solution changes to nimimize microbial growth
P additionial scan pate studies were pertormed atter 89 davs soaking and 140-141 davs soaking
o deternune clectiode dimensions based on dittusion controlled reduction of Ru hexaammine
Flowever the voltammuogiams deguired m Ru hexaamnune and in PBS had signiticant distortion.
A TG Sdta cold ot be T to any ol the standard cqeations tor caleulating dimensions based on

2 oditusion contiolied process  Some of these voltammogrants are thustrated in Figures |and 2



wNete they are compared with s oltammogranis tom the first thiee scan vate studies The
ICredase e didsonal clienlation o the canves coudled waith the higher residual and chareing

CETONT DAPTCGIA T an The shos sodd fale iidical e iicteasing electiohvie pencetranion between the

Erocces »oaid 4 4 plols ol the canent tuictuon iy Vs oy tor scan rates 0\ s forall
e stadies 0w ich a background correction could be pertormed  The current s normahzed 1o
e Ru tenadinime concentrdiion used mcach expeniment permittimg a direct comparison ot data

dvaiiied di ditterent times  Reternmg to Frgure 3 which contaims data tor electrode 1AL the plot

S e~ g Ddass s linedr consistent with radial dittusion Inothe plots tor 26 davs and 49
Gvs o Tehids fowald d constant value db scan rates above 20N s although there s some
Fncom Hactuaton o the values A canstant value of v over a range ol scan rates s

Ctaracleniste ol hnear Jdittuston i that time domain e transiion from radial to hnear dittusion

vests a change m

.

PeRd T WD The sdinie fanige ol sadn tates between dayv 2 oand day 2o suge
clectiode dimensions i evposed sultace dtea AU 8Y davs, v shows a tendency toward
MCICdsIg vatues db scall idates abos e SooN s and this trend s even more p!mmunccd in the pl()ls
Tor AN aans and A i Phemciease v at high scan rates 1s anoindication of a thin laver
oclume contaicd within a cavity | Twardoch, 1994 and 1 mterpreted as evidence tor further
geterioralion of the msulator metal seal

Foutie 4 llustrates the data tor electiode TIB - As tor electrode T1AC the 2nd dav plot of
Voo~ s nearh linear and the 2o day plot s independent ot scan rate The plot obtained at
9 ddavs shoas o pronouneed nimmmum in e 1 sV Cunve. suggesting a more severe
penetiation 1 clectioh te beneath the msulator at that time than was observed tor electrode 1TA
SUbsCGUent sea e data toi clecttode THB were not suitable tor analysis because of additional
Jeteroration of the oammetiie 1esponses

Vitheash the fdter dss ansport studies could not be used to determine electrode
dimensions nesertheless the shape of the v vs v plots provided  qualitative evidence ot the
detenordlion of the msulator metal seal during the Tong soaking experiment with the possible

i

g avel - oluttie ol electiolvie benedth the insulator - While the method tells us

SRR

ADOUE e cdnadiby ol The disaldion seal o This set of electrodes. neverthiess an additionat goal ot



these experiments o to develop a protocol which can be used with i vovo electrodes and the Ru
NONAAIINNG Protocod vaitnot b dsed foi mmplanted electrodes [he protocol which nught be
adapied fOF i viee use s a icasaieinetit ol the background cutrent i saline electrolvte at a
polentidl whcice Laiaddie coddlions are unlikely 1o contnibute to the current  In this work, we have
Mmedscied 00 Dackeiouind o testdual canient ot 00N vy Ap AuClon ovelic voltammograms
acauned o PEBS O This quantity s dssumed 1o be representative ot capacitive charging without
SI2ICAnt Contibution Toni taraddic processes Oxvgen was imvestigated as a source of error in
fese measurements by odoqulimg soltamimograms i aerated and  deaerated PBS  These

soltammograms indicdated that oxveen had no ettect on the magnitude of the current response at 0

s Phe etfect ot an onade tilm will eventaallv be examined i long term soaking studies ot
activated b Hloweser b as Hist necessaiy Lo evaludate the experimental approach using

andctivated [etectrodes

Pruure ™ contains plots of the testdual current at 0N vy Ag ApC measured trom evelie
coltamimozians acguited a PBYS at electrode P10 at vartous times durning the eiectrode soaking
pertoc Log ~adles are used on this graph. and on subsequent ones. solely 1o mmprove the
separation of data pemts along both aves  Fhere are relatnely small ditferences in the residual
current data obtained at 2 2o and v davs ot soakimg This i consistent with the previously
reported stabihity ol electiode dimensions determined on the basis ot the diftusion controlled
provess  After ddy v there is a general upward trend toward higher residual currents at all scan
Fates i the gredtest meredse observed atter day 131

Residual carrent plots tor electrode TEB are given i Figure 0 These plots also show a
rend foawdid icreasing restdual current at all scan rates as a tunction of soaking tme  However.
For this etectiode o laige mnciedse i residual current was observed between davs S and 230 as well
as dlter dav e

Prauies aind S are plots of the appdarent vapacitance, Capp. of electrodes 11A and 1B
Appdrent vapaditatve wads caleulated trom the residual current 10 as tollows

Capp 1 scanrate

[ the residudl current were Jdue only o charemg of the electrode double laver. then the

cAnacidance waould  be constant tor all scan rdles  and an estimate ot electrochenmicallv active

surface area B S\ could be calcatated by normatizing the capacitance to the capacitance ot the Ir



metar O~ uboom However the more comples dependency of Cappon scan rate indicates that
QTNeT Drocesses 1 addition Lo double taver chdiging are contnbuting to the residual current For
the present studs e e iot atteitipt toodetine what those processes nught be because we are
more mleresied o the ielatin e iange i residadl current and Capp during soaking bigures 9
ANG st the etative Change miCapp ot both electrodes measured at a slow and tast scan rate.
respectiv ety o both eleciiodes Capp measured at U oS Vs (bFigure Vi incereased over the first

Voogdns Dy tactol oy Between 30 and o davs Capp oot electrode 1A mcereased to 28
cntes s nibidd value and Capp oot clectrode TIB ncreased to 1S nmes s mitial value A
San-lond TdTedase i Capp owads Meastred ront data acquired at 200N s obigure f0) about
Pa-toid oven e 40 day period exeept tor one micasurement ot a 4-1old increase tor electrode

B e non-reproducibilinn of Capp regardless of the scan rate at which 1 was measured 15 an
naication of dinancrease moexposed  surtace darea The ditterence between the © 03V s and the
JU0 S restts sugeests That some ot the exposed surface area 1s not aceessible at the tast scan
Fre possibiv hecduse o iR drops beneath the insulator leading o non-unitorm potential
SsDUTION Al The faster sodn rate Fhe results indicate that a ovelic voltammetric technique

arthoat an added depolarizer such as Ra hexaamnnne can be adapted tor o vovo montoring of

sycroclectrode stabihity
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Iridium Microelectrode 11A
Faradaic Response to Ru Hexaammine
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Indium Microelectrode 11B
Faradaic Response to Ru Hexaammine
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Indium Microelectrode 11A
Residual current measured in PBS at 0 V vs AgJAgC!
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Indium Microelectrode 11B
Residual current measured in PBS at 0 V vs Ag|AgCl
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Indium Microelectrode 11A
Capp measured in PBS at 0 V vs Ag/AgCl
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Iridium Microelectrode 11B
~ Capp measured in PBS at 0 V vs Ag/AgCl
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[mipedance Spectroscopy Studies

Fabic sty thie anpedance ar 1ok ot clecoode sites A and B oon the dual hatpin
assembiv ar ditterent tuiios dunimg the soakmy period  These values are gutte erratic and fluctuate
OV s et as Yo T RO wathine g penod ol g tew davs beare 11 shows g piot ot the
mipedaned w0 w2 agaiist soakitiy tme wiich demonstrates an overall trend woward lower
values et the eitbie soahing period

Bsode representations of the mpedance spectra at ditterent times durtng the soaking pertod
A nustrated oy Bigare 120 These show aomore svstematic change in electrode properties
Speatia et poth electrodes were quite sintilar and unremarkable up until dav 36 tor electrode A
ANy oo tor electiode TEB However spectra acquired on day |36 and thereatter displaved a
narked chanve i both magnitude and phase angle U ntortunately impedance measurements were
Wb ndde durig the imtervening pertod to document the transinon in behavior  The decrease in
Nagintude seen ot and atter 130 davs s dassociated with a change in phase angle from 80 o 0
¢t Capdditine Looiesistive behavion dab o frequencies below 100 Heoand o shift in the tme
constant booa highier equarics hiaddition the spectia taken on dayv 130 tor electrode FEA show
A additional RO cicment at very o trequencies  This element does not appear in any of the
SUDSCLEHE spectia tor thdi electiode

Pie o kM ampedance data and particularly the trequency dispersions indicate  that
stenitivant chianges tave occurred moboth electrodes durnng the soaking pertod  The trequency
dispersions provide substantially: more information than the impedance measurement at a single
frequency Tal e medsutenients are not easily obtamed. nor are the data easihv interpreted. At
the present e st appeais that ¢ ovehie voltamimetrny technique utilizimg a range ot scan rates and
CoOmpdriseit of e residudl curtent d@t o some potential near the open crrcunt potential ot the

CieCirode vt de the niost asetul procedure to adapt tor routine i vivo use



Fable 2 14 Imipedances tht2y a1 kHZ ot bosites on A Bak electrode No o 1

F'ime C onditions during Impedance Measurement Site A | Site B
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3.0 WORK FOR NEXT QUARTER

W Nave Tevened aosetios of probes it mtegrated nbbon cables trom U NMichigan tor

AU ol cledtiocieneal casaiemeils ot ancroelectiode dimensions and development of a

PrOTGCO ter e o scintoiiig o electiochenicdl stabilies ot I nucroelectrodes The mtegrated

SDDGE canies w il pel il as 1o calty oul fong ternn soakime studies without any structures other
San ose rabricated o the water bemg exposed 1o thie electrolvte sotution and thereby avord the
Drewas probleins with electiolvie penctiation beneath the epoxy  encapsulant covermg the
contact pads W are o i the process o desigming and tabricating a cell assemblv with which
gt cabie probe can be held semic-permanently i the cell with a constant level of immersion
Hie clectiolvie and without ddanger of damdee by oinserting and removing the reterence

crectiode alld wds babbler We ldve also purchased I microelectrodes trom World Precision

stranients Sdiascta PLohaving been mtormed byothat company that the electrodes were

anpcared b them We sabsequentdy fearned that they swere manatactured by MicroProbe whose

clectiodes we as e chatactertzed severadl tmes i the past

4.0 REFERENCES
Paardecr 0N Jedag Integnty of ultramicrosumulation electrodes  determined  trom

clectiochenneal medasurements b Applied Electrochem 24 835-857



